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In previous papers from this laboratory it has been shown that the 
normal presence of urobflin in the body is dependent upon the entrance 
of bile pigment  into the intestine. ~-5  Complete bile deprivation,  by 
intubation of the common duct with collection of the total bile in such 
a way as to maintain  sterility, is followed by the total disappearance 
of urobilin from the excreta, not only in the normal animal but even 
after  the  liver  is  damaged,  the  bile  ducts  occluded,  or  blood 
destroyed.  4,5  These findings are not in accord with the experiments 
of many previous workers,  6a but these latter employed the open bile 
fistula  methods  and  dealt  necessarily with  infected  biliary  tracts. 
We now propose to discuss the influence of infection  in  the light  of 
our own further  work,  in which we have deliberately infected intu- 
bated  and  previously  sterile  duct  systems  with urobilin-producing 
bacteria.  It  is  of  both  practical  and  theoretical  importance  to 
determine whether during bfliary obstruction or upon liver damage the 
urobilin formed in an infected biliary tract can be absorbed therefrom 
and lead to the appearance of the pigment in the urine. 
It has long been known that urobilin is formed in the intestine by a 
t Elman, R., and McMaster, P. D., J. Exp. Med., 1925, xli, 503. 
McMaster, P.D., and Elman, R., J. Exp. Med., 1925, xli, 513. 
8 McMaster, P.D., and Elman, R., J. Exp. Med., 1925, xli, 719. 
4  Elman, R., and McMaster, P. D., J. Exp. Meal., 1925, xlli, 99. 
5 Elman, R., and McMaster, P. D., J. Exp. Med., 1925, xlii, 619. 
8 Fischler, F., Physiologic und Pathologic der Leber, Berlin, 1916. 
Whipple, G. H., Physiol. Rev., 1922, ii, 440. 
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bacterial  reduction  of .the  bilimbin  entering  therein.  8-~°  Certain 
bacteria only are capable of effecting this change, but several of such 
are present in abundance in normal dog feces.  9.~a2  When a  dog is 
allowed to drain bile  through an open fistula, as in  the case of the 
animals used by previous workers, it is easy to see how the secretion 
and the biliary tract itself can become infected with these organisms, 
and how a change of bilirubin to urobilin can on occasion take place 
within the ducts, even when no pigment is entering the intestine.  In 
our  experiments already described  1-5  the biliary  tracts  occasionally 
became infected during the daily bile collection over long periods of 
time,  despite  the  most  careful  precautions  to  maintain  sterility. 
Saprophytic organisms, having no  effect upon the pigment content 
of  the  secretion,  were  the  usual  contaminants.  Rarely,  however, 
the infected bile  turned very cloudy, became pale  orange in  color, 
and gave off a foul odor.  Urobilin could be recognized in it. 
Present  Knowledge. 
Investigators have damaged the livers of animals subjected to total 
bile deprivation as result of open bile fistulas, and have  found in a 
few instances, not in all, that large amounts of urobilin appeared in the 
bile  and urine although the stools were acholic and urobilin-free,  sa 
It  has  been concluded from this  finding that  the damaged liver is 
capable of producing urobilin, some of which appears in the bile and 
some in the urine.  In papers already published,  ~-5 we have been able 
to show that when an animal deprived of bile ingests bile in any way,- 
and this would hold for one licking a biliary fistula,--the entrance of 
merely a little of the secretion into the intestine will have result in the 
appearance of urobilin in the bile put out by the liver.  If at the same 
time there is liver injury the pigment will appear in the urine as well. 
Fischler  s states that he has obtained urobilin in the bile and urine of 
animals when licking of the fistula was prevented, but the finding was 
obtained in but a few instances out of many studied.  Here again it 
5 Mfiller,  F., Z. klin. Med., 1887, xii, 45. 
9 K~mmerer,  H., and Miller, K., Deutsch Arch. klin. Med., 1923, cxli, 318. 
10 Beck, A., Wien. klin. Woch., 1895, viii, 617. 
ll Passini, F., Wien. klin. Woch., 1922, xxxv, 217. 
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seems probable that among many dogs with open fistulas and infected 
biliary tracts a  few might  carry within  these tracts an  organism  re- 
ducing  bflirubin  to urobilin. 
Method. 
For our work healthy dogs were used, permanently intubated, in every instance, 
under ether anesthesia, so that all of the bile could be collected, is  The methods for 
bile collection in 24 hour periods, and for the analysis of the bile specimens, urine, 
and  feces,  have been described in previous papers,  together with  the care and 
management of the animals. 1,2  At autopsy search was always made for evidences 
of reconstitution of the ducts and instances showing this were ruled out. 
It so happened that one of the animals yielding a  bile,  that was consistently 
sterile  for  some  months,  became  "spontaneously"  infected  with  an  organism 
that caused pigment changes in the bile as described above.  Thus the secretion 
came to contain large amounts  of urobilin  although  the  feces  and  urine  were 
urobilin-free.  When  sterile,  urobilin-free  bile  specimens  from other  intubated 
dogs were inoculated, in dtro, with a few drops of this bile,  enormous amounts of 
urobilin developed during 24 hours incubation.  Attempts were made to isolate the 
causative  organisms  by plating out in an agar medium containing sterile  bile, 
blood,  and  bouillon,  but  though several kinds  of bacteria  were isolated,  these, 
when reinoculated into sterile bile either with or without the addition of protein, 
failed, singly or together, to effect the change to urobilin, although the bile became 
brown in color and cloudy. 
The biliary tracts of 2 dogs giving sterile bile were now inoculated with 0.5 cc. 
of the original infected bile by retrograde injection through the intubation appara- 
tus.  The secretion obtained from the collecting balloon 24 hours later was foul, 
orange-colored, and  contained  much  urobilin  then  and  thereafter.  The  same 
result was attained in other dogs yielding sterile urobilin-free bile, by inoculating 
the biliary tracts with a suspension of their own fecal matter or that from normal 
dogs.  The bile thus infected contained large amounts of urobilin and became 
cloudy, orange-colored, and foul. 
13 animals intubated under ether for the collection of total bile were used in a 
study of the results of the infection.  In 6 of them section of the cystic duct between 
ligatures and aspiration  of the gall bladder had been carried out at  the initial 
operation, while in the remaining 7 the gall bladder and its connections had been 
left undisturbed.  Several days after the sterile bile had become urobilin-free, in 
consequence of the diversion of this secretion from the intestine, the billary tract of 
each  animal  was  deliberately  infected.  The  infective  material  was  often  bile 
originally urobilin-free to which fecal particles had been added, or bile from an 
animal which had become "spontaneously" infected with result in the production 
of urobilin, or, frequently, bouillon suspensions of dog feces.  The bouillon sus- 
is Rous, P., and McMaster, P. D., J. Exp. Med., 1923, xxxvii, 11. 756  17ROBILIN  PHYSIOLOGY  AND  PATIIOLOGY.  VI 
pension  was  employed on a  single day to infect the biliary tracts of 2 animals 
with gall bladder connections  undisturbed, and 2 in which  the organ had been 
isolated by ligature and section of the cystic duct.  In 4 other instances, 2 with gall 
bladder connections undisturbed and 2 with the organ isolated,  the biliary tracts 
were inoculated on the same  day with the bile of an animal that had become 
"spontaneously" infected in such a way that urobilin was formed in it.  6 days 
later bile of the same derivation was used to infect another animal with gall bladder 
connections undisturbed.  Despite the identity of the biliary infections thus pro- 
duced in the 2 groups of intubated animals the findings were distinctly different. 
That actual infection of the biliary tracts occurred, was ascertained by recovery of 
organisms therefrom at autopsy. 
To inoculate the billary tracts ½ to 3 cc. of the infective material was injected 
toward the liver into the tube leading to the cannula in the common duct.  There- 
after all of the animals remained in good condition and the bile quantity put out 
each day continued to be about the same, but the secretion became cloudy, pale 
orange-brown,  foul  smelling,  and  urobilin-containing.  The  feces  continued 
acholic and the urine remained free from urobilin.  Quantitative estimations of the 
amount of this pigment in the bile were made daily, but, owing to the changes in 
the character of the secretion,  quantitative determinations of bilirubin could no 
longer be carried out. 
Urobilinuria Following Biliary Obstruction after Infection of the Biliary 
Tract. 
Severe  Urobilinuria  When  the Gall  Bladder  Connection Is  Undis- 
turbed.--The effect of biliary obstruction upon animals with infected 
bfliary tracts  but with the gall bladder left undisturbed  will be de- 
scribed  first.  To produce  obstruction  the  outlet  tube  leading  from 
the  common duct was  clamped for periods of 48,  or occasionally of 
72,  hours.  8  experiments  of  the  kind  were  made  upon  6  different 
animals.  In 3 instances (No. 18, Table I, Text-fig. 1 ; No. 8, Table II, 
Text-fig. 2; and  No.  17, Text-fig. 7)  the experimental biliary obstruc- 
tion was  produced shortly after the deliberate infection of the biliary 
tract, and in 3  other animals at a  time when complete recovery had 
ensued  from liver injury  due  to  administrations  of  chloroform and 
long after the production of the experimental infection (No. 12, Table 
III; No.  14, Table IV; and No.  10, Text-fig. 6).  In all these experi- 
ments bilirubinuria developed.  The effect of the obstruction can be 
roughly estimated  from its  degree.  A  pronounced urobilinuria  de- 
veloped following the obstruction and frequently more urobilin than 
bilirubin was voided through the kidneys despite the absence from the PHILIP D. McMASTER AND ROBERT ELM.AN  757 
intestine  of  bile,  which  is  of  course  the  normal  source  of  urobilin. 2 
Following  the  relief  of obstruction  the  urobilin  and  bilirubin  of the 
urine  disappeared  together. 
In 2 other experiments total biliary obstruction was produced after 
chronic infection had produced pathological changes in the gall blad- 
der.  One of these experiments, the results of which are shown in the 
final portion of Text-fig. 7, was done after an obstruction experiment, 
the other, Table III, after recovery from liver damage by chloroform 
and a  later biliary obstruction.  These complicated instances will be 
considered in detail further on.  In neither  could a  pronounced uro- 
bilinuria  be  elicited. 
Specimen Protocols. 
No. 18, 11½ kilos (see Table I, Text-fig. 1). 
Simple intubation of the common duct was done under ether.  5 days later 
the animal was secreting sterile, urobilin-free bile and the urine and feces were 
also urobilin-free.  Now the biliary tract was infected by injecting into the tube 
leading to  the common duct,  3 cc.  of a  suspension  of fecal particles in broth. 
By means of a syringe this was gently forced up into the ducts through the rubber 
tube connected with the common duct and held there for a moment, after which 
the pressure was released  and bile flow allowed to continue as usual.  Thereafter 
the 24 hour bile specimens  regularly contained large quantities of urobilin (9, 35, 
and 53 mg., respectively).  During this period the urine and feces remained free 
from bile pigments. 
Biliary obstruction was next produced for a period of 48 hours by clamping the 
outlet tube from the common duct.  The 24 hour specimen of urine collected  the 
following day contained both urobilin and bilirubin, more of the former than of 
the latter.  In the urine of the second 24 hour period of biliary obstruction there 
was a far greater quantity of urobilin (27 rag.) than of bilirubin (9.0 rag.).  With 
the relief of the obstruction both pigments disappeared from the urine in a short 
time, as the chart shows. 
No. 8, 92 kilos (see Table II, Text-fig. 2). 
About 1 month after intubation of the common duct under ether the  animal, 
in excellent condition,  was secreting sterile urobilin-free bile.  The urine and feces 
were acholic  and also urobilin-free.  The biliary tract was then infected  by in- 
jecting into the tube leading to the common duct, 0.5 cc. of the bile of Dog 3 already 
infected with urobilin-forming organisms.  This was pressed up toward the ducts 
and the pressure at once relieved and bile flow allowed to continue.  The 24 hour 
bile specimens taken as usual contained, on the 5 successive days after this inocu- 
lation, great amounts of urobilin, 30, 68, 79, 83, and 75 nag.  The bile volume put 
out was practically constant. 758  IYROBILIN  PHYSIOLOGY  AND  PATHOLOGY.  VI 
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Biliary obstruction  for a period of 72 hours was next produced by clamping 
the outlet tube leading to the collecting balloon from the common duct.  The 
urine of the following 24 hours showed but little urobilin and bilirubin, 2 rag. of the 
former and 3.5 mg. of the latter.  The next day no urine was voided; but the 
specimen of the following 24 hour period contained, in 350 cc., 70 mg. of urobilin 
and 42 rag. of bilirubin.  With the relief of biliary obstruction the urobilin of the 
urine fell almost at once to about 3 rag. and 48 hours later had disappeared alto- 
gether.  The bilirubin, though lessening not quite as rapidly in the first 24 hours 
after the relief of the obstruction,  disappeared nevertheless slightly before the 
urobilin. 
In all the remaining animals of this series pronounced urobillnuria 
developed  after  obstruction  to  the  bile  flow,  following in  turn  the 
infection  of the  biliary  tract.  In  Tables  I  and  II  and  in  Text-fig. 
7,  are represented  the findings in  the  3 animals  subjected to biliary 
obstruction in this way.  In the latter portions of Tables III aud IV 
and in Text-fig. 6, similar findings are shown in other experiments of 
this kind, made after the animal's readjustment to injury of the liver 
by chloroform. 
Mter  biliary obstruction,  then,  in  animals*with  gall  bladder  con- 
nections undisturbed  and with the bil/ary tract infected with an or- 
ganism  causing  urobilin  formation,  quantities  of  this  pigment  ap- 
peared in the urine.  This occurred even though no bile had reached 
the intestine  for weeks, during which period no urobilin was formed 
in  the normal way. 
Trifling  Urobilinuria  When  the  Cystic  Duct  Has  Been  Severed.-- 
The findings were quite other when the connection of the gall bladder 
with  the  biliary tract  had  been interrupted  by ligation  and  section 
of the cystic duct.  Under these circumstances not only can the gall 
bladder no longer function, but in the absence of infection  it  dimin- 
ishes in size as is well known 14 andits contents become pale and mucoid. 
In such instances urobilin appeared in the urine when an obstruction 
of the appropriately infected biliary tract was produced, but only in 
traces.  7 experiments of the sort were made upon 6 different animals 
and this was the finding in all.  In 3 of these experiments total biliary 
obstruction for 48 hours was produced soon after the biliary tract had 
~4 Mignot  cited  by Aschoff and  Bacmeister  who  confirm the  observation. 
Aschoff, L., and Bacmeister, A., Die Cholelithiasis, Jena, 1909. 760  UROBILIN PHYSIOLOGY AND  PATHOLOGY.  VI 
been infected and later, when the animal had recovered, liver damage 
was  caused  by  inhalations  of  chloroform  (see  Text-fig.  3;  and  also 
Tables  VI and  VII).  In 3  further  experiments" the procedures  were 
reversed (see Tables VIII and IX; and also Text-fig. 4).  The findings 
in  them  were  similar. 
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TExT-FIG.  3.  Urobilinuria  consequent  on  a  temporary  biliary  obstruction 
and again after liver injury with chloroform, occurring in an animal draining a bile 
experimentally infected with urobilin-producing organisms.  The gall bladder con- 
nection had been destroyed by ligature and severance of the cystic duct.  The 
urobilinuria is neglible as compared with that of Text-figs. 1 and 2. 
Specimen Protocol. 
No. 5, 10 kilos (see Text-fig. 3). 
2½ months after intubation of the common duct under ether and section of the 
cystic duct, the biliary tract of this dog was inoculated with the same infectious 
material employed to infect the biliary tracts of Animals 11, 8, and 13 and on the 
same day.  The daily amount of bile secreted afterwards by this animal contained 
great quantities of urobilin, though previous to the infection the pigment had been 
absent.  The urine and feces were urobilin-free.  Biliary obstruction was effected PHILIP  D.  MCMASTER  AND  ROBERT  ELMAN  761 
3 days later by clamping the outlet tube for a  period of 48 hours.  Slight bili- 
rubinuria  and urobilinuria  developed within  24 hours, as the text-figure shows. 
During the second 24 hours of obstruction the amount of bilirubin in the urine 
increased to 29 mg., but urobilin was found in traces only, never more than 2 or 3 
rag.  Following the relief of obstruction both pigments disappeared,  the biliru- 
binuria enduring for several days however.  Liver injury was now produced  by 
chloroform administrations.  The findings in these experiments will be considered 
in detail further on. 
50 
f 
20 
iO  ./ 
I  Z  3  4  5  O  7  8  B  10  ii  12  13  14  15  1O  i7  IG  19 ~0  21 
Day~ a~tew i~feetion of the biliavy t:'act 
x. Co. bile  ---Ui~obilin of ul~lr~e 
[~'Ui~obilirl of b!le----Bil{~ubin o~uAne 
TEXT-FIG. 4. 
chloroform injury preceded the induced biliary obstruction. 
This shows the same facts as Text-fig. 3; but in this instance the 
Text-fig. 4 is the record of an experiment similar to the above following recovery 
of the animal from liver damage by chloroform (Dog 11). 
12 days after infection of the previously sterile biliary tract with the material 
used for the experiments with Dogs 5, 8, and 13, and 20 days after intubation  of 
the  common  duct  with  section  and  ligature  of  the  cystic  duct  under  ether 
anesthesia,  total biliary obstruction  was produced.  The  animal  had  recovered 
from the effects of a prior chloroform administration  and the bile and urine were 
urobilin-free.  As the latter portion of Text-fig. 4  shows,  the bile still  contained 
large amounts of urobilin, 84, 104, and 98 mg., respectively, on  the  3  days  pre- 
ceding the obstruction.  As the chart further shows 48 hours of biliary obstruction 762  UROBILIN  PHYSIOLOGY  AND  PATHOLOGY.  VI 
resulted in severe bilirubinuria, 23.7 mg. of the pigment appearing in  the  urine 
during the second 24 hour period thereafter.  The bilirubinuria  decreased after 
relief  of the  obstruction,  to disappear 6 days later.  Urobilinuria also made its 
appearance following the experimental biliary obstruction, but in contrast to the 
findings in animals with the gall bladder connections undisturbed, only very small 
amounts of the pigment were present in the urine.  On the 4th day after relief of 
the obstruction the pigment was no longer  present there.  In Tables  VI to IX 
and in Text-figs.  3 and 4 are given the results of the experiments. 
The precise character of the infection  would  seem to have no im- 
portance in connection with the difference here brought out between 
animals with and without  a  functioning  gall bladder.  Several illus- 
trations of this fact can be given: 
3 dogs with severed cystic duct, were inoculated  on  the same day with bile 
from Dog 3 which had become "spontaneously" infected with a mixed growth of 
bacteria capable of producing urobilin out of the bilirubin.  In one of these animals 
No. 5 (Text-fig. 3), as well as in Dog 3 itself (Table VII) the experiments involving 
biliary obstruction were followed after an interval by chloroform administrations. 
In another of the animals so infected, Dog 11  (Text-fig.  4), the procedures were 
reversed with similar results.  This same infective material was used on the same 
day to infect the biliary tracts of 2 other dogs of the first series, animals that is to 
say with undisturbed gall bladder connections.  In one of these, No. 8 (Table II, 
Text-fig. 2), biliary obstruction was followed after recovery by administrations of 
chloroform; in  the other, Dog 13  (Table V), the only derangement induced was 
liver damage from chloroform.  Although the bile of all these dogs was infected 
in the same way the urobilin findings differed in the 2 series as will be described 
below.  Other instances of differing results in the 2 groups of animals, despite the 
fact that the infective material was the same, are to be found in Tables I and IV, 
and in Text-fig. 7,  of instances with  the gall bladder connections undisturbed, 
and in Tables VIII and IX, of animals with severed cystic ducts. 
Urobilinuria  Following  Liver  Damage  after  Infection  of the 
Biliary Tract. 
Pronounced  Urobilinuria  When  the  Gall Bladder  Connection Is 
Undisturbed.--Mter the urine of some of the intubated  animals with 
undisturbed  gall  bladder  connection  had  become urobilin-  and  bili- 
rubin-free and when the daily bile specimens contained large quantities 
of urobilin  as result  of infection,  liver injury  was brought  about  by 
chloroform. 
Chloroform anesthesia  is followed within  48  hours  by a  reduction PHILIP  D.  MCMASTER  AND  ROBERT  ELMAN  763 
in  the output of bile and bile pigment, with a  consequent develop- 
ment of bilirubinuria.  4,5,~s  The degree of liver damage can be roughly 
estimated by the lessened bilirubin of the bile or by the amount of it 
appearing  in  the urine.  The  latter  gauge was  used  in  the  present 
instance  owing  to  the  impossibility  of  accurately  quantitating  the 
bilirubin of the infected biles. 
The chloroform injury led in each instance to a  marked urobilinu- 
Ha,  although there was relatively slight liver damage, as shown  by 
the slight bilirubinuria.  2  of the experiments were made upon ani- 
mals with infected biliary tracts, and with a  bile containing urobilin, 
following readjustment from  a  temporary biliary obstruction (Tables 
I  and II).  In 4 other animals with infected biliary tracts the effects 
of liver damage by chloroform upon the output of urobilin in the urine 
were  studied  prior  to  the  production  of  biliary obstruction  (Table 
III, Text-fig. 5, Tables IV and  V,  and also Text-fig. 6).  In the in- 
stance last mentioned a  second administration of chloroform 34 days 
after the first elicited but a  slight result because pathological changes 
had  taken  place in the gall bladder.  This phenomenon will be dis- 
cussed below. 
In Text-fig. 5 the  findings are  charted  of  1  of  the  experiments  in 
which chloroform was administered soon after infection of the biliary 
tract and prior to obstruction.  These findings are typical. 
Specimen  Protocol. 
No. 12, 7½ kilos (see Table III, Text-fig. 5). 
Intubation of the common duct was done under ether anesthesia, and 6 days later 
the urine and feces had become urobilin-free.  3 days later the biliary tract was in- 
fected by injecting into the tube leading to the common duct, 0.2 cc. of a fresh sus- 
pension of fecal material from the dog, in 3 cc. of sterile broth.  The material was 
gently forced up toward the ducts and immediately thereafter the bile was allowed 
to flow again toward the collecting balloon.  The specimens of the next 3 days con- 
tained 130, 115, and 132 rag. of urobilin, respectively.  Chloroform anesthesia was 
now induced for a period of 30 minutes, 60 cc. being employed.  The next day, as 
the chart shows, the bile volume fell to less than half its previous amount and re- 
mained smaller than usual for 3 days.  The urobilin of the secretion also decreased 
to about 20 mg. for each 24 hour period.  48 hours after the anesthesia, 29.5 mg. 
of urobilin  was present in the urine, and a day later 67.5 mg.  The bilirubinuria 
15 Drury, D. R., and Rous, P., J. Exp. Med., 1925, xli, 611. 754  UROBILIN PHYSIOLOGY AND  PATHOLOGY.  VI 
during this period was but slight,  varying between 1.0 and 2.0 mg. for each 24 
hours.  This funding, together with the fact that complete bile suppression  did 
not occur, shows clearly that the actual liver damage produced by the half hour of 
anesthesia  was relatively slight,  as  would be  expected.  Recovery was prompt; 
and on the 5th day after the chloroform administration the usual secretion of bile 
had taken place.  The urobilin content of the bile returned to the previous level 
and subsequently rose even higher.  Simultaneously with the recovery the uro- 
bilinuria and bilirubinuria promptly decreased until only the merest traces of pig- 
ment were to be found, and 2 days later these had disappeared altogether. 
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TEXT-FIG. 5. 
in a  dog draining a  bile infected with  urobilin-producing organisms. 
bladder connection had not been disturbed. 
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For the sake of brevity no other protocols of similar experiments 
will be given.  In  Tables  III,  IV,  and  V  the  findings  will be found 
tabulated  however, and  in  Tables I  and  II  the results are given  of 
chloroform administrations to other dogs with gall bladder connections 
undisturbed,  after  their  readjustment  to  the  effects of  biliary  ob- 
struction.  The  findings  in  all  were  similar,  save  for  one  instance, 
already mentioned, in which  after infection had endtlred 5  weeks and PHILIP  D.  McMASTER  AND  ROBERT  ELM_AN  765 
the gall bladder had  become pathologically changed, no pronounced 
urobilinuria was elicited by liver damage.  In this animal, however, 
(Text-fig.  6)  chloroform injury,  3  days  after  infection  of  the  bil- 
iary tract,  produced  a  result  similar  to  those described  above. 
Trifling  Urobilinuria  after  Exclusion  of the Gall Bladder.--When 
experiments  similar  to  the  ones  just  described  were  made  upon 
animals  infected  in  the  same  way,  but  with  the  cystic duct  cut 
between ligatures, a  striking difference was noted.  Liver damage by 
chloroform again produced urobilinuria, but a  very mild one.  Only 
the merest traces of the pigment were present in the urine in spite of 
the fact that the liver injury was sufficient in some instances to bring 
about  severe  bilirubinuria.  6  animals were given sufficient doses of 
chloroform to produce marked liver damage.  In 3 of the dogs (Tables 
VI and VII and Text-fig. 3) this was done after recovery from experi- 
ments  involving  biliary  obstruction,  and  in  3  others  prior  to  this 
(Tables VIII and IX, and Text-fig. 4).  The results were the same in 
all instances.  A  protocol  of each type of  experiment follows: 
No. 5, 10 kilos (see Text-fig. 3). 
2½ months after intubation of the common duct with ligation and section of the 
cystic duct under ether anesthesia,  infection of the biliary tract was effected, and 
biliary obstruction  was produced later.  6 days after the relief of this the urine 
and feces had become urobilin-free.  The infected bile contained much of the pig- 
ment.  At this time, ll days after the infection of the biliary tract, liver damage 
was produced  by chloroform anesthesia for 40 minutes, 65 cc. of chloroform being 
used.  On the following day, as Text-fig. 3 shows, the bile volume fell and so too 
did its urobilin  content.  The 24 hour urine specimen contained  but 1.8 mg. of 
bilirubin  and no urobilin.  The next day, the 2nd after the anesthesia,  still  les~ 
bile was put out.  Urobilin appeared  in the  urine,  2.5 mg. in the 24 hour speci- 
men, while there was much more bilirubin,  9.6 mg.  On  the following day im- 
provement  began  to  take place,  the bile output increased, and the bilirubinuria 
decreased.  Urobilin continued to be found in  the  urine,  but  with  further im- 
provement  in the animal's condition disappeared entirely 24 hours later. 
The  result  of a  similar experiment,  carried  out before biliary ob- 
struction was attempted, is shown in Text-fig. 4, the liver injury lead- 
ing merely to traces of urobilin in the urine despite the fact that it was 
sufficient to bring about a moderate bilirubinuria. 
No. 11, 10{ kilos (see Text-fig. 4). 
An intubation, together with section  of the doubly ligated cystic duct, was 766  UROBILIN  PHYSIOLOGY AND  PATHOLOGY.  VI 
done under ether.  6 days later the bile, urine, and feces  were urobilin-free.  2 days 
after this the biliary tract was infected with the same material used to infect 
the billary  tracts  of Dog 5 (Text-fig. 3),  Dog 8  (Table II, Text-fig. 2),  and 
Dog 13 (Table V) and on the same day.  Urobilin appeared in the bile within 
24 hours.  3  days  later  chloroform was  administered. Immediately,  as  the 
chart shows, the bile volume fell, until on the 3rd day it was but one-fifth its 
former value.  In the meantime a marked bilirubinuria developed reaching its 
maximum of 14 mg. of the pigment in the second 24 hour period after the chloro- 
form anesthesia, to disappear entirely 4 days later, after recovery  had taken place. 
Though bilirubin was present in the urine the day after chloroform  was given, 
urobilin did not appear until next day, and then small amounts only were found, 
2 or 3 mg. per 24 hours, on 4 successive  days, disappearing from the urine with the 
animal's recovery. 
In Text-fig. 4 are shown further the effects of biliary obstruction upon this 
animal. 
From  these experiments it can  be  said  that, in  dogs with cystic 
ducts 1/gated and sectioned to prevent the activity of the gall bladder, 
and with the biliary tracts infected in such a  way that urobilin is 
formed from the bilirubin of the bile, liver damage, whether slight or 
severe, is attended only by trifling amounts of urobflin in the urine. 
The findings afford a striking contrast to those of the experiments in 
which the gall bladder connections were undisturbed. 
Failure of Marked Urobilinuria to Appear When Chronic Infection Had 
Caused Pathological Changes in  the Gall Bladder. 
In such animals with gall bladder connections intact, as excreted 
large amounts of urobflin in  the urine during the experiments, the 
organ  appeared  healthy at  autopsy and  contained  a  concentrated, 
infected  bile.  In  several  dogs,  however,  the  marked  urobilinuria 
produced shortly after infection of the biliary tract by damage to the 
liver with chloroform, and produced again after recovery from this 
by an experimental obstruction, could not be elicited 2 weeks or more 
later by the  same experimental means,  only traces  of the pigment 
then  appearing  in  the  urine.  Autopsy in  such  cases  (Text-fig.  7, 
Text-fig. 6, and Table III) showed gall bladders that had undergone 
pathological changes as result of infection with a  thickening of the 
wall.  The contents of the viscus was no longer a  more or less  con- 
centrated bile as when it is healthy, but light in color and mucoid. PB3[LIP  D.  McMASTER  AND  ROBERT  ELMAN  767 
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No. 10, 71 kilos (see Text-fig. 6). 
7 days after an intubation under ether anesthesia, with gall bladder connections 
undisturbed,  urobilin had  disappeared from  bile, urine, and feces.  The biliary 
tract was then inoculated with the infected bile  of  Dog  3  which  had  been  em- 
ployed 6  days previously to inoculate the biliary tracts of Dogs 5, 8, 11, and 13. 
On the day following, urobilin was present in the bile and it was constantly found 
there later. 
~00 
IgO 
18o 
16o 
15o 
"~  140 
130 
ioo 
"~ go  I 
,dCL 
~  80 
.G  ~o  I 
70 
N  4(1 
3O 
~0 
tO 
0 
i 
x,  Cc.  of  bile 
3  4  5  6  7  8  z8  g9  3o  31  32  33  34  37  36 
Days a~teP infection of the biliavy t~act 
k~].Upobilin  of bile  --  *UI,obil[n  of upine  .....  B'Ifipubin  of urine 
TExT-FIG. 7.  This shows the same facts as Text-fig. 6, but  in  this  instance 
biliary obstruction only was induced. 
Moderate liver damage from chloroform 3  days after infection of the biliary 
tract brought about marked urobilinuria as is shown in the chart.  Shortly after 
the animal's recovery, a  marked urobilinuria was again produced by biliary ob- 
struction.  Following relief of it 2 weeks passed, during which period urobilin was 
to be found in the bile only. 
Liver injury was brought about again by inhalations of chloroform, after the 
blliary infection had endured 5 weeks, and the injury was more severe than in the 
first instance, as shown by a greater amount of bilirubin in the urine.  In spite of PHILIP  D.  ~M~cMASTER  AND  ROBERT  ELM'AN  769 
this, however, urobilin appeared in small amounts only in the urine.  Immediately 
after the animal's recovery autopsy was done.  A greatly changed gall bladder 
was  found, with a  much thickened wall.  The viscus  contained a  pale yellow, 
cloudy, mucoid fluid. 
No. 17, 12 kilos (see Text-fig. 7). 
The marked urobilinuria caused  by biliary obstruction, 3 days after infection 
of the biliary tract with the material that was used as well for Dogs 14,15, 16,and 
18, is shown in the chart.  The gall bladder had not been disturbed.  3 days after 
relief of the biliary obstruction the urine and feces became urobilin- and bilirubin- 
free.  21 days were then allowed to elapse, during which daily bile specimens were 
taken and found to contain large quantities of urobilin.  The urine and feces still 
remained  urobilin-free.  Now, 29 days after the initial infection, obstruction of 
the flow of bile was again brought about by clamping the outlet tube from the 
common duct.  As the chart shows, as marked a bilirubinuria developed as before, 
testifying that the obstruction was  complete; yet the urine contained far less 
urobilin than on the previous occasion.  The chart is like that of an animal with 
obstructed cystic duct.  Autopsy 3 days after the urine became urobilin-free dis- 
closed a gall bladder with pale yellow, cloudy, mucoid contents and pathological 
changes in its greatly thickened wall. 
DISCUSSION. 
The experiments here described throw light  upon  the  mechanism 
of a  type of urobilinuria previously considered due to the  formation 
of urobilin  from the liver cells.  Instead  of invoking such a  paren- 
chymal  activity--for  which  our  extensive  experiments  already re- 
ported  ~-5 yield not the slightest evidence--it is now possible to explain 
the observed facts by the absorption of urobilin produced through bac- 
terial  action  on  the  bile  passing  through  ducts  and  gall  bladder. 
Granting that urobilin is formed on occasion within  appropriately 
infected bile  ducts,  as  our  experiments  show,  and  that  when  total 
obstruction is produced or the liver is otherwise injured, urobilinuria 
occurs,  how  is  one  to  suppose  the  pigment  to  be  absorbed?  It  is 
significant  that  the  pronounced  urobilinuria  occurred  only  in  the 
animals with intact gall bladders.  In these instances there is of course 
a  larger amount of bile in the biliary tract to be acted upon by the 
bacteria.  There is further more opportunity for their activities since 
the bile remains long within the tract; and the secretion is exposed to 
a  larger surface from which absorption may conceivably take place, 
and to the activities of an organ specifically engaged in concentration 770  UROBILIN  PHYSIOLOGY  AND  PATHOLOGY.  VI 
of the bile.  As result of these conditions more urobilin is formed and 
there is more of it to be removed into the circulation.  While urobilin 
is known to be a highly diffusible substance direct proof has yet to be 
produced of its  absorption  through  the gall  bladder wall.  Certain 
it is however that more urobilin reached the urine in our animals with 
healthy gall  bladders  than  in  those in  which this  organ  had  been 
injured  or excluded from connection with  the ducts.  Experiments 
on the activity of the gall bladder to remove urobilin from the bile 
are contemplated for the future. 
The possible relation of infection to the presence of urobilin in the 
bile has long been discussed and its etiological relationship to urobilinu- 
ria has been surmised but not demonstrated.  The importance of the 
factor of infection is made plain by the present work, especially when 
this is considered in connection with the previous papers of the series.  1-6 
In these papers it has been shown that when bile pigment is prevented 
from reaching the intestine and the biliary tract is uninfected no uro- 
bilin is produced in the body even though the liver be severely injured 
or  much  blood  destroyed.  If  small  amounts  of  bile  pigment  are 
allowed to reach the intestine, per os or otherwise, urobilin is formed 
and appears  in  the bile.  Normally the urobilin,  formed in  the in- 
testine by the bacterial reduction of bilirubin, is absorbed and removed 
from the blood by the liver.  When this organ has been injured the 
pigment appears in the urine, owing to failure of the hepatic tissue to 
prevent the passage of urobilin into the general circulation. 
Investigators  have  produced  liver  injury  in  dogs  6,1e and  found 
urobilin in the urine as a result.  The finding has  been ascribed to a 
perversion of pigment metabolism by the liver cells in  consequence of 
which they form urobilin.  But in all experiments of  this nature an 
open, infected fistula has been present,  one infected doubtless with 
organisms capable of producing urobilin in the bile.  Such organisms 
are present in dog feces and the animal usually has access to the fistula 
opening.  We believe that all of the instances of the supposed hepatic 
formation  of urobilin  may be  explained  in  this  way. 
The fact should be emphasized that only a certain type of infection 
will bring about  the changes described.  The  biliary tract may be 
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infected for a  long time with  the ordinary saprophytes or even with 
pyogenic organisms without any reduction of the bilirubin to urobilin. 
Some fecal bacteria by contrast are capable of maintaining themselves 
in  the  biliary  passages  for  indefinite  periods  of  time,  there  causing 
urobilin formation.  That some of the urobilin is absorbed our experi- 
ments show.  In draining  bile  through  an  open fistula it is easy for 
infection  to  take  place.  Such  an  occurrence  with  urobilinuria  de- 
veloping as  a  result  of liver injury  has  been  noted  by Wallace  and 
Diamond3 * 
The  question  whether  a  manufacture  of urobilin  ever takes  place 
within the biliary tract of human beings other than those having biliary 
fistulas is one of much  clinical  importance.  A  bacteriological study 
of infected biliary tracts should be undertaken by surgical pathologists 
with  a  view  to  determining  the  incidence  of  urobilin-producing 
organisms. 
Very recently Fischler and  Ottensooser  18 have reported what they consider to 
be an hepatic formation of urobilin.  Their experiments were carried out upon the 
rabbit and involved the production of biliary obstruction followed by "glycopriven 
intoxication" for the purpose of injuring the liver.  Urobilinuria developed.  The 
animals became heavily jaundiced of course and under these conditions an en- 
terogenous origin of urobilin  can never be excluded.  For it is well known that in 
the  presence  of  tissue  icterus the intestinal  mucous membrane becomes deep 
yellow and bilirubin is put out into the lumen of the bowel. 19a7  As we have 
already shown, biliary obstruction in the dog is followed by temporary disappear- 
ance of urobilin in the feces  2 but when tissue icterus develops the pigment re- 
al~pears therein.  Wallace  and  Diamond  ~7  have  shown  that under such  condi- 
tions urobilin is formed on the outer layers of the fecal masses in contact with the 
intestinal walls.  Fischler and Ottensooser found no urobilin in the feces of their 
animals after the production of biliary obstruction but this does not exclude the 
possibility of its formation in the intestine with subsequent complete reabsorption, 
or partial absorption of it and destruction of the remainder.  We have frequently 
found urobilin appearing suddenly in the bile of dogs which had previously been 
urobilin-free after diversion of the bile from the intestine.  The stools of such 
animals remained urobilin-free but at autoPsY reconstitution of the bile ducts was 
found permitting a small quantity of bile to reach the intestine.  The urobilin 
formed from this was absorbed and reappeared in the bile, or, if liver injury was 
lr Wallace, G. B., and Diamond, J. S., Arch. Int. Med., 1925, xxxv, 698. 
ts Fischler,  F., and Ottensooser, F., Deutsch  Arch. klin. Meal., 1925, cxlvi, 305. 
t9 Gerhardt, D., Z. klin. Med., 1897, xxxii, 303. 772  ITROBILIN PHYSIOLOGY AND  PATHOLOGY.  VI 
produced, in the urine, but the feces remained urobilin-froe.  Such a urobilinuria 
would still be enterogenous in origin. 
In the experiments under discussion  these authors frequently found urobilin in 
the contents of the gall bladders of their rabbits.  Whatever the source of the pig- 
ment it is easy to see from the findings given in the present paper that it would ap- 
pear in the urine of the animals after the liver injury caused by the "glycopriven 
intoxication." 
We believe that pigment studies involving biliary obstruction in the rabbit are 
inevitably dubious in nature, for this animal secretes relatively enormous quanti- 
ties of bile and obstruction to its flow results in a widespread immediate necrosis of 
the liver with profuse secondary cirrhosis.  The rabbit like the other herbivora 
secretes a bile containing pigments unlike those of man or the dog.  All this being 
the case when rabbits are put in a state of extreme hypoglycemia with as result 
a  liver damage in addition  to that from obstruction, as happened in Fischler's 
experiments, almost any anomaly in pigment metabolism might occur. 
In previous papers  Fischler 6  has  concluded  that  a  production  of  urobilin 
through the action of the liver parenchyma occurs under special conditions.  He 
had found that urobilin is present in the bile of dogs draining from open fistulas 
after the liver had been injured with amyl alcohol  and phosphorus.  The fact is 
readily to be explained by the presence of an infection of the  biliary tract with 
urobilin-producing bacteria which latter have more time to act upon the bile when 
it flows sluggishly,  as after liver injury.  Whipple believes that the occurrence 
of urobilin in the bile of dogs with open  fistulas  when  such  animals are fasted 
comes about in this way? ° 
The results of the experiments here described serve to confirm those 
of  our  previous  papers,  which  show  that  there  is  no  formation  of 
urobilin  by the  hepatic parenchyma.  The fact is to  be emphasized 
that urobilin appears  only when the bilirubin  of the bile is subjected 
to  reduction  by certain  bacteria.  Normally  this  takes place in  the 
intestine but it may also occur in a biliary tract contaminated with the 
appropriate organisms.  Urobilin in the urine depends, first upon the 
absorption of the substance from these situations, and secondly, upon 
the failure of the liver to remove the pigment from the blood. 
SUMMARY. 
Experimental  infection  of  the  intubated  and  previously  sterile 
biliary tract of the dog with particles of the stools leads to a formation 
2o Whipple, G. H., Hooper, C. W., and Robscheit, F. S., Am. J. Physiol., 1920, 
liii, 167. PHILIP  D.  McMASTER  AND  ROBERT  ELMAN  773 
of urobilin from the bilirubin of the bile as it flows through the ducts. 
No urobillnuria occurs, however, unless temporary biliary obstruction 
is  produced,  or  the  liver  parenchyma injured.  Then  urobilinuria 
develops, despite the fact that no bile is reaching the intestine and, by 
corollary, no urobilin being formed there. 
Cholangitic urobillnuria,  as  one may term  the phenomenon just 
described,  to  distinguish it  from  the  urobilinuria  having origin  in 
pigment absorbed from within the intestine, is far more pronounced 
in  animals possessing a  healthy gall  bladder  than  in  those with  a 
pathological gall bladder or with one prevented from functioning by 
severance of the cystic duct.  These facts suggest that there may be 
an active absorption of urobilin from the normal gall bladder.  There 
can be no doubt that the pigment is absorbed from within the bile 
ducts. 
There is no evidence whatever to justify the belief that urobilin is 
ever formed through the action of liver parenchyma.  There  may 
conceivably be an intralobular formation of the pigment consequent 
upon the activity of bacteria within the liver tissue, though such a 
happening has yet to be demonstrated. 774  UROBILIN  PHYSIOLOGY  AND  PATHOLOGY.  VI 
TABLES  I  AND  II. 
Pronounced  Urobilinuria  Occurring in Animals with Gall Bladder  Connections 
Undisturbed and an Infected  Biliary Tract.  The Pigment Appeared in the  Urine 
When Bilia~ry Obstruction  Was Produced and  Again Later When the  Liver  Was 
Injured with Chloroform. 
TABLE  I. 
Dog  18. 
Period after 
days [ days 
914{ 
10  5 
Obstruction 
11  6 ll3O 
12  7 ]1o4 
13  8  1161 
14  9  ]126 
15  10  107 
16  11  1116 
17  12  103 
18  13  98 
Ch]oroform 
19  14  55 
20  15  12 
21  16  13 
22  17  31 
23  18  67 
24  19  72 
25  20  117 
26  21  104 
27  22  99 
28  23  108 
.4 
¢¢,  mg  rag.  rag.  ~g.  t 
Intubati( n. GaU bladder undisturbed. 
4 days later. 
5  74  0  0  0 
Biliary  tract  deliberately  infected, 
6  1167  9  0  [  0  I 
7  2  86  35  None 
8  3  88  53  0  [ 
Total  biliary obstruction 
! !i::r 
el!lye 
74  None 
72  0 
62  0 
56  0 
anesthesia 40 
44 
11 
8 
19 
40 
58 
73 
68 
52 
61 
voided. 
0  [11 
produced. 
Tr. 
9 
2.6 
3.5 
0 
0 
voided.  o I  0 
o  lOl 
mJ.n. 
D.tr.{  I 
:1.5  I 4.1 
~8.6  7.7 
8.4 t  8.8  3.1  ,5.9 
2.5  r. 
1+  101 
None voided. 
o  o  liot  o[o 
Remarks. 
The findings  of  the  first  13  days of this ex- 
periment are charted in Text-fig. 1. 
The infective  material, a  bouillon suspension 
of  dog  fecal particles, was  employed on the 
same day to infect Dogs 14, 15, 16, and 17. 
Biliary obstruction induced prior to  the  liver 
injury experiment. 
Infection  had  endured  2  wks.  Pronounced 
urobilinuria developed following liver injury. 
At autopsy, 28 days after incubation and 23 days 
after infection  of the biliary tract, a  normal 
gall bladder was  found,  with  dark  brown, 
concentrated contents. 
In the tables Tr. indicates trace; F. tr., faint trace; and D. tr., dubious trace. PHILIP  D.  McMASTER  AND  ROBERT  ELMAN  775 
TABLE  II. 
Dog  8. 
Period after 
Intubation. 
~  ~  • 
mg.  mg.  mg. 
Gail  bladder 
turbed.  36 days later.  !!  :  o  o 
37  0  0 
38  95  0  0 
39  "  I 89  0  0 
Biliary  tract  deliberately 
40  1  103  30  0 
41  2  118  68  0 
42  3  112  79  0 
43  4  121  83  0 
44  5  114  75  0 
Total biliary obstruction. 
46  7  2on 
47  8  70 
Obstruction released. 
48  9  130  119  3 
49  10  121  [115  2 
50  11  [i01  ii  O]  51  12 [ 80  92  0 
52  13  78  73  0 
53  14  79  0 
Chloroform  anesthe~a 40 
54  15  54 
55  16  23 
56  17  18 
57  18  26 
58  19  38 
59  20  62 
60  21  82 
61  22  86 
62  23  80 
68  0 
22  19 
14  25 
51  21 
54  6 
84  2.5 
107  0 
92  0 
86  0 
d 
undis- 
0 
0  9~ 
0 
0 
infected. 
0 
0 
0 
0 
0  91 
3.5] 
voided. 
42  [ 
lli 
rain. 
Tr. 
5.5 
9.5 
9.2 
3.2 
1+ 
0 
0 
0 
81 
81 
Remarks. 
The findings of the first 17 days  of this experi- 
ment are charted  in Text-fig.  2. 
The infective material, bile  of  Dog 3, used to 
inoculate  the  biliary  tract  of  this  animal, 
was employed on the same day to infect Dogs 
5, 11, and 13, and 6 days later Dog 10. 
Biliary obstruction induced prior to  the  liver 
injury experiment. 
Infection had  endured  a  little  over  2  wks.p 
nevertheless  there  developed  a  pronounced 
urobilinuria following injury to the liver. 
Autopsy 62 days after  intubation and 23 days 
after infection of the biliary tract disclosed  a 
healthy gall bladder partly  filled  with con- 
centmted bile. 
St. indicates sterile. TABLE  III. 
Pronounced  Urobilinuria  Occurring in an Animal with Gall Bladder Connections 
Undisturbed and  an Infected  Biliary  Tract.  Large Amounts of the Pigment Ap- 
peared in the Urine after Liver Injury by Chloroform and Again Later When Biliary 
Obstruction Was Produced,  The Effect of Obstruction in a Late Stage of Infection 
When Pathological Changes Had Occurred in the Gall Bladder Is Also Shown. 
Dog 12. 
Period after 
days  days  co. 
Altercursive 
mg.  mg.  mg.  kg. 
intubation  Gall  blad- 
der undisturbed.  6 days later. 
7  80  0  0  0 
8  "  75  0  0  0 
Biliary  tract  deliberately  infected. 
10  2  115  0  0 
11  3  81  132  0  0  7-~ 
Choloroform 
12  4  34 
13  5  15 
14  6  32 
15  7  49 
16  8  76 
17  9  87 
18  10  74 
19  11  70 
20  12  79 
21  13  82 
anesthesia 30  min. 
21  0  0 
18  29.5  0.56 
24  67.5  2.0 
118  2+  1.75 
158  2  1.47 
140  2  1.15 
137  0  0 
119  0  0 
125  0  0 
118  0  0 
221,4 I 
23  15 
Obstruction 
24  16  .45 
25  17  L51 
26  18  :19 
27  19  86 
28  20  72 
29  21  85 
30  22  91 
40  32  78 
41  33  90 
42  34  86 
43  35  79 
Total biliary obstruction. 
rdieved. 
147  13 
151  4.5 
120  Tr. 
128  0 
112  0 
118  0 
127  0 
106  0 
120  0 
120  0 
118  0 
5.5 
2.1 
1.3 
0 
0 
0 
0 
6~ 
6~ 
6~ 
6½ 
Remarks. 
The  findings of the first 15 days of this experi- 
ment are  charted  in  Text-fig.  5. 
The infective material used consisted of a bouil- 
lon  suspension  of  particles  of  the  animal's 
clay-colored feces. 
Liver injury experiment performed prior to the 
induction of biliary obstruction. 
Infection of the biliary tract had endured 2 wks. 
Nevertheless  there  developed  a  pronounced 
urobilinuri~ following biliary obstruction. 
Interval of  10  days.  No  pigment  determina- 
tions. 
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TABLE  I~---Concluded. 
777 
Period  after 
<_ 
~c  mg.  mg.  rag.  kg.  I 
Total biliary obstruction. 
44  45  ] 36 
3.5  7.6 
2.0  3.0 
1+  1.5 
Tr. 
0  1.2 
0  0 
0  0 
Obstruction relieved 
46  38  138  156 
47  39  136  143 
48  40  [108 130 
[ 
49  41  I 76  121 
50  42  I 81  129 
51  4-3  79  118  6~ 
Remarks. 
Infection had endured over 5 wks.  Gall blad- 
der  bladder no  longer a  normal organ, for 
autopsy, 51 days after intubation  and 43 days 
after infection of the biliary  tract, disclosed 
a  greatly  thickened gall bladder  with  pale 
green glazed contents.  No evidence of con- 
centratlon of the contents. 778  UROBILIN  PHYSIOLOGY  AND  PATHOLOGY.  Vl 
TABLE  IV. 
Pronounced UrobiHnuria Occurring in an Anima~ with Gall Bladder Connections 
Undisturbed and an Infected Biliary Tract.  The Pigment Appeared after Injury by 
Chloroform and A gain Later When Biliary Obstruction Was Produced. 
Dog 14. 
Period  after 
.o  Ig~  .°, 
.g 
m 
cc. 
d 
o 
-s 
mg. 
d 
.9 
Altercursive  intubation.  Gall  blad- 
der undisturbed.  7 days later. 
7  12o  o  1o  I o  Ill 
8  125  0  [ None voided. 
9  115  o  o  Io  I 
Billary tract deliberately infected.  lo[11261   ]o 
11  2  146  84  0 
12  3  137  0 
Chloroform anesthesia. 
13  4  43 
14  5  31 
15  6]22 
16  7  46 
17  8  74 
18  9  101 
19  10  130 
20  11  122 
21  12  130 
22  13  118 
Total biliav 
23  I 14 
24  15 
Obstruction 
25  16  1210 
26  17  1180 
27  18  1142 
28  19  1116 
29  20  i134 
30  21  1121 
31  22  [126 
32  23  i135 
55  Tr. 
22  Z9.1 
28  36.4 
70  .~4.5 
70  6.5 
.05  3.2 
08  Tr. 
20  0 
00  0 
35  0 
• obstruction. 
relieved. 
170  17.5 
145  5.8 
140  3.5 
105  2.0 
115  0 
136  0 
116  0 
102  0 
l  i  lO½ 
70 CC. 
Tr. 
2.8 
4.5 
6.4 
2.4 
1.6 
0 
0 
0 
0 
2.1 
7.9 
1.2 
3.1 
1.7 
Tr. 
0 
0 
0 
o  lO½ 
Remarks. 
The  findings  in this  experiment  are  not  charted. 
The infective material, a bouillon suspension of 
dog fecal particles, was employed on the same 
day to infect Dogs 15, 16, 17, and 18. 
Liver injury experiment performed prior to the 
induction of billary obstruction. 
Infection of the biliary tract had endured but 13 
days.  Pronounced  urobilinuria  followed 
total biliary obstruction. 
Autopsy, 23 days after  infection of the biliary 
tract  and  32  days  after  intubation  showed the 
gall  bladder  normal  in  appearance,  its  contents 
dark and highly  concentrated. PHILIP  D.  McMASTER  AND  ROBERT  ELMAN  779 
TABLE  V. 
Pronounced Urobilinuria Occurring in an Animal with Gall Bladder Connections 
Undisturbed and an Infected Biliary  Tract.  The Pigment  Appeared in the Urine 
When Liver Injury Had Been Produced with Chloroform. 
Dog 13. 
Period  after 
Intubation. 
turbed.  4 days later. 
5  "  72  T  to 
6  "  68 
Biliary tract infected. 
8  2  68  88  0 
9  3  72  95  0 
•  "i 
mg.  mg.  rag.  ~g. 
GaU  bladder  undis- 
o  7½ 
0 
IOl  0 
o  7t 
Chloroform anesthesia. 40 min. 65 cc. 
i0  4  41 
11  5  22 
12  6  12 
13  7  39 
14  8  48 
15  9  77 
16  10  72 
17  11  69 
26  6.8  1.5 
14  L9  4.2 
7.5  ~4.3  7.4 
65  3.0  6.0 
78  2+  2.2 
90  Tr.  Tr.-~  7[ 
88  0  0 
99  0  0  7½ 
Remarks. 
The findings in this experiment are not charted. 
For  infection  of  the  biliary  tract  the  same 
material  was  employed as in Dogs  5,  8,  10, 
and ll. 
Liver injury by chloroform anesthesia only.  No 
bfliary obstruction experiments. 
Early autopsy.  Infection of  the  biliary tract 
has endured only 11 days.  Gall bladder per- 
fectly normal in appearance.  Contents dark 
and highly concentrated. 780  UROBILIN  PHYSIOLOGY  AND  PATHOLOGY.  VI 
TABLES VI AND VII. 
Trifling  Urobilinuria Occurring  in Animals with Obstruction  of the Cystic  Duct 
and an Injected Biliary Tract.  The Pigment Appeared in the Urine When Biliary 
Obstruction  Was  Produced and  Again  Later  When the  Liver  Was  Injured  with 
Chloroform. 
TABLE  VI. 
Dog 7. 
Period  after 
• 
days [  days 
Altercursive 
mg.  mg, 
intubafion. 
d  d 
¢I 
kS 
..~ 
rag.  kg. 
Gall 
bladder excluded.  81 days later. 
811St.  134  0  0  [0  10½ 
82  "  128  0  0  0 
83  "  132  0  0  0 
Biliary  tract deliberately  infected. 
84  1  122  151  [ Tr.  Tr. 
85  2  138  84  0  0 
86  3  127  0  0 
87  4  132  135  0  0 
Total biliary obstruction. 
89  6  2.0  9.5 
90  7  Tr. 
Obstruction relieved. 
91  8  160  155  1.0 
92  9  1(2  [130  0 
i 
93  10  139  160  0 
94  11  110  160  0 
Chloroform anesthesia. 
95  12  59  140  2 
96  13  48  54  Tr. 
97  14  19  13  2-4- 
98  15  58  66  1.0 
99  16  74  83  Tr. 
tc  100  17  L08  107 
101  18  [13  141  0 
102  19  [34  132  0 
103  20  L27  144  0 
0 
0 
0 
0 
45 rain. 
4.65 10t 
2.57 
L1.85 
4.25 
3.92 
Tr. 
0 
0 
o  loI 
Remarks. 
These  findings  are  not  charted. 
The biliary tract  was infected by injection into 
it, previously sterile, bile which had been in- 
oculated  with  a  bouillon  suspension  of  dog 
fecal particles. 
Though  infection of  the  biliary tract  had  en- 
dured but 4  to 8 days only traces of urobilin 
were  found  in  the  urine  following  biliary 
obstruction. 
Biliary obstruction  induced  prior  to  the liver 
injury experiment. 
Again only traces of urobilin in the urine. 
Autopsy  20  days  after  infection of the biliary 
tract and  103  days  after intubation  showed 
the gall bladder still excluded from the biliary 
channels. PHILIP  D.  McMASTER  AND  ROBERT  ELMAN  781 
TABLE  VII. 
Dog 3. 
Period  after 
days  days  ¢c. 
Altercursive 
d  ~  d  g  g 
rag.  rag.  rag.  ]  kg.  I 
mtubation.  Gall blad- 
•  der excluded.  87  days  later bile be- 
came infected. 
871  if  I  I  I  116  
105 days after intubation. 
105  [ 19  200  167  0  0  [ 
106  20  205  140  0  0 
107  21  178  156  0  0  16] 
Total biliary obstruction. 
J  I 
Obstruction relieved. 
110  24  235  190  2.0  118.4 
111  25  175  195  Tr.  14.6 
112  26  190  166  "  1~2"2 
113  27  175  158  "  Tr. 
114  28  210  173  0 
t15  29  200  142  0 
116  30  180  168  None voided. 
117  31  170  138  0  [0  [17 
Chloroform anesthesia. 
118  32  110  [ 92  0  3.7 
119  33  62  [ 38  Tr.  9.4 
120  34  22  [ 30  2  18.5  16| 
121  35  68  62  2  6.8 
122  36  102  134  2  3.3 
123  37  175  160  Tr.  2+ 
124  38  210  140  0  F.tz 
125  39  182  156  0  0  16~ 
126  40  201  168  0  0 
Remarks. 
The  findings  are  not  charted. 
The bile became spontaneously infected, turned 
orange-brown, and contained urobilin.  This 
bile was used  to infect  the  biliary tracts of 
Dogs 5, 8, 11, and 13, allon 1 day, and that of 
Dog 10 6 days later. 
Biliary  obstruction induced prior to  the liver 
injury experiment. 
Autopsy 40 days after  infection of the biliary 
tract and 126 days after  intubation showed 
the gall  bladder still  excluded from the  blliary 
channels. 782  UROBILIN  PR'YSIOLOGY AND  PATHOLOGY.  Vl 
TABLES VIII AND  IX. 
Trifling  Urobilinuria Occurring in Animals with Obstruction of the Cystic Duct 
and an Infected  Biliary Tract.  The Pigment  Appeared  in the  Urine after Liver 
Injury by Chloroform and A gain Later When Biliary Obstruction Was Produced. 
TABLE  VIII. 
Dog 15. 
Period after 
days  days 
.g 
co.  rag.  rig. 
Altercursive intubation. 
der excluded.  5 days later. 
11  61 
12  26 
13  12 
14  7  38 
15  8  44 
16  88 
17  1  80 
18  1  79 
19  1  94 
20  1  84 
Total billary 
21  22  [ 14 
Obstruction 
23  16  142 
24  17  154 
25  18  90 
26  19  81 
27  20  97 
28  21  86 
29  22  85 
30  23  91 
31  24  79 
rag.  kg. 
Gall blad- 
5  St. 1103  0  F. tr.  0  9[ 
6  "  Ili  0  0  0 
7  "  84  0  0  0 
Biliary tract deliberately infected. 
818914  0  [0  1 
9  2  92  44  0  0 
10  3  88  61  0  0 
Chloroform anesthesia.  30 rain. 
52  None  voided. 8] 
33 
12.5 
56 
66 
83 
70 
79 
68 
81 
obstruction. 
relieved. 
.1~  2.0114.6  8t 
.21  2.0  I 9.2 
88  2.0  [ 5.4 
94  Tr.  2.2 
79  0  2.1 
84  None voided. 
80  0  0 
95  0  0 
78  0  0 
Tr.  ] 1.5 
2.0  6.7 
2.0  11.1 
Tr.  3.5  8~  01i 8  0 
0 
None voided. 
0  10  Ist 
8t 
Remarks. 
The findings in this experiment are not charted. 
The same material was used on  the same day 
to  infect the  bfliary tracts  of Dogs 14, 16, 
17, and 18. 
Though infection of the  billary tract had  en- 
dured but 4 to 8 days, only traces of urobilin 
were found in the urine following liver injury. 
Liver injury experiment performed prior  to  the 
induction of biliary obstruction. 
Autopsy 24 days after  infection of  the  biliary 
tract  and  31  days  after  intubation showed 
the gall blaclder still excluded from the billary 
channels. PHILIP  D.  MCMASTER AND  ROBERT  ELM.AN  783 
TABLE  IX. 
Dog 16. 
Period  after  °[ i 
co.  rag.  rag. 
Altercursive intubation. 
der excluded.  5 days later. 
rag.  hg. 
Gall blad- 
5  St. 18t  0  0  10  iII 
6  "  81  0  0  0 
7  "  77  0  0  0 
Biliary  tract infected deliberately. 
98  ]  1  18212  111  96  0N°niv°idid'0 
10  3  120  0  0 
Chloroform anesthesia.  35 mill. 
11  4  66  41  Tr.  3.1  [11~  x 
I 
12  5  24  22.5  "  8.4 
13  6  18  20  2  7.9 
14  7  34  52  2  4.5 
15  8  76  94  Tr.  1.8  [11 
16  9  84  120  0  0 
I 
17  10  76~  tll  0  0 
18  11  t18  0  0 
19  12  78  98  0  0  10{ 
Total biliar r obstruction. 
21  14  2.0  24.4 
i  Obstruction relieved. 
22  1S  181  167  Tr.  26.4[ 
I 
23  16  132  174  2.0  14.:3 
24  17  82  102  Tr.  6.1 
25  18  88  91  None voided. 
26  19  79  106  Tr.  [1+[ 
hi 
27  20  91  115  0  0 
28  21  86  89  0  0 
29  22  [82  99  0  0  10½ 
Remarks. 
The findings in this experiment are not charted. 
/'he same infective material was used on the same 
day to infect the biliary tracts of Dogs 14, 15, 
17, and 18. 
Though infection  of the biliary  tract  had en- 
dured but 4 to 8 days only traces  of  urobilin 
were  found in  the urine  following  liver  injury. 
Liver injury  experiment performed prior  to the 
induction  of biliary  obstruction. 
Autopsy 22  days after infection of the biliary 
tract  and  29  days after intubat/on showed 
the gall bladder still excluded from the hiliary 
channels. 